We prove the theorem valid for (Pseudo)-Riemannian manifolds V n : "Let x 2 V n be a xed point of a homothetic motion which is not an isometry then all curvature invariants vanish at x." and get the Corollary: "All curvature invariants of the plane wave metric A further and independent proof of the corollary uses the fact, that the Geroch limit does not lead to a Hausdor topology, so a sequence of gravitational waves can converge to the at space-time, even if each element of the sequence is the same pp-wave.
Analysing the proof we see: The fact that for de nite signature atness can be characterized by the vanishing of a curvature invariant, essentially rests on the compactness of the rotation group S O(n). For Lorentz signature, however, one has the noncompact Lorentz group S O(3; 1) instead of it.
A further and independent proof of the corollary uses the fact, that the Geroch limit does not lead to a Hausdor topology, so a sequence of gravitational waves can converge to the at space-time, even if each element of the sequence is the same pp-wave.
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Introduction
The energy of the gravitational eld (especially of gravitational waves) within General Relativity was subject of controversies from the very beginning, see 1] and the cited literature. Global considerations -e.g. by considering the far-eld of asymptotically at space-times -soonly led to satisfactory answers. Local considerations became fruitful if a system of reference is prescribed (e.g. by choosing a time-like vector eld). If, however, no system of reference is preferred then it is not a priori clear whether one can constructively distinguish at space-time from a gravitational wave. This is connected with the generally known fact, that for a pp-wave (see e.g. 2] and 3]) all curvature invariants vanish (cf. 4] and 5]) -but on the other hand: in the absence of matter or reference systems -only curvature invariants are locally constructively measurable. It is the aim of this article to explain the topological origin of this strange property.
Preliminaries
Let V n be a C 1 -(Pseudo)-Riemannian manifold of arbitrary signature with dimension n > 1. The metric and the Riemann tensor have components g ij and R ijlm resp. The covariant derivative with respect to the coordinate x m is denoted by ";m" and is performed with the Christo el a nity ? i lm . We de ne and therefore, eq. (2.1) represents a non-at metric. Now let n > 3. We use the cartesian product of (2.1) with a at space of dimension n?3 and arbitrary signature. So we have for each n 3 and each inde nite signature an example of a non-at V n . It remains to show that for all these examples, all curvature invariants of order k vanish. It su ces to prove that at the origin of the coordinate system, because at all other points it can be shown by translations of all coordinates accompanied by a rede nition of a(u) to a(u ? u 0 ). Let I be a curvature invariant of order k. Independent of the dimension (i.e., how many at spaces are multiplied to metric (2.1)) one gets for the case considered here that I = I(a g ij where C is a non-vanishing constant. The corresponding Riemannian manifolds are denoted by V n andṼ n resp. By assumption, there exists an isometry from V n toṼ n leaving x xed. Let I be a curvature invariant. I can be represented as continuous function (which vanishes if all the arguments do) of nitely many of the elementary invariants. The elementary invariants are such products of factors g ij with factors of type R ijlm;i 1 :::i p which lead to a scalar, i.e., all indices are traced out. Let J be such an elementary invariant. By construction we have J(x) = e qC J(x) with a non-vanishing natural q (which depends on the type of J). 
. (A topology is
Hausdor if each generalized (= Moore -Smith) sequence possesses at most one limit, and it is T 1 if each constant sequence possesses at most one limit. The main example is a sequence, where each element of the sequence is the same pp-wave, and the sequence possesses two limits: at space and that pp-wave.) Here the reason is: Only for de nite signature, geodetic -balls form a neighbourhood basis for the topology.
Final remark. The change from Euclidean to Lorentzian signature of a (Pseudo)-Riemannian space is much more than a purely algebraic duality -an impression which is sometimes given by writing an imaginary time coordinate: One looses all the nice properties which follow from the compactness of the rotation group.
